Conserved nonliganding residues of the Rhodobacter capsulatus Rieske iron-sulfur protein of the bc1 complex are essential for protein structure, properties of the [2Fe-2S] cluster, and communication with the quinone pool.
The iron-sulfur (Fe-S) protein subunit of the bc1 complex, known as the Rieske protein, contains a high-potential [2Fe-2S] cluster ligated by two nitrogen and two sulfur atoms to its apoprotein. Earlier work indicated that in Rhodobacter capsulatus these atoms are provided by two cysteine (C133 and C153) and two histidine (H135 and H156) residues, located at the carboxyl-terminal end of the protein [Davidson, E., Ohnishi, T., Atta-Asafo-Adjei, E., & Daldal, F. (1992) Biochemistry 31, 3342-3351]. These ligands are part of the conserved sequences C133THLGC138 (box I) and C153PCHGS158 (box II) and affect the properties of the Fe-S protein and its [2Fe-2S] cluster. In this work, the role of amino acid side chains at positions 134 and 136, adjacent to the cluster ligands in box I, was probed by using site-directed mutagenesis and biophysical analyses. These positions were substituted with R, D, H, and G to probe the effect of charged, polar, large, and small amino acid side chains on the properties of the [2Fe-2S] cluster. Of the mutants obtained T134R, -H, and -G were photosynthetically competent (Ps+) but contained Fe-S proteins with redox midpoint potentials (Em7) 50-100 mV lower than that of a wild type strain. In contrast, T134D was Ps- and contained no detectable [2Fe-2S] cluster, although it reverted frequently to Ps+ by substitution of D with N. On the other hand, all L136 mutants were Ps-, the EPR characteristics of their [2Fe-2S] cluster were perturbed, and they were unable to sense the Qpool redox state or to bind stigmatellin properly. The overall data indicated that replacement of the amino acid side chain at position 134 of the Fe-S protein affects mainly the Em7 and oxygen sensitivity of the [2Fe-2S] cluster without abolishing its function, while substitutions at position 136 perturb drastically its ability to monitor the Qpool redox state and its interaction with the Qo site inhibitor stigmatellin. These two distinct phenotypes of box I T134 and L136 mutants are discussed with regard to the recently published three-dimensional structure of the water soluble part of the bovine heart mitochondrial Rieske Fe-S protein.